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Abstract 

In temperate ecosystems, invasive alien species pose a major threat to species diversity. The first step in under¬ 
standing likely ecological consequences of invasive species is to record new distributions. Three invertebrate spe¬ 
cies likely to affect Australian alpine and subalpine ecosystems are recorded for the first time above 1500 m asl 
from the Victorian Alps: European Honey Bee Apis mellifera L., Grey Field Slug Deroceras reticulatum Muller, 
and European Wasp Vespula germcinica (E). Single records of other invasive alien species are mentioned but 
not explored. I present a simple online tool that is commonly used to model the distribution of species. Results 
show the value of extensive sampling, naturalist records and the need for reliable species distribution data. 
Building ecological models that can predict the likely consequences of invasive species is reliant on continual 
updating of historical species distribution records. (The Victorian Naturalist 130 (3) 2013,127-136) 
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Introduction 

The interaction between climate change, hu¬ 
man overexploitation and invasive alien species 
will reduce biodiversity in all temperate eco¬ 
systems. To avoid confusion with terminology 
used in research on invasive species (Colautti 
and Maclsaac 2004), and because all species 
discussed here are exotic to Australia, the term 
‘invasive alien (Burke and Grime 1996) is used 
throughout. The current rate of extinctions is 
not being reduced because the pressures on 
biodiversity are intensifying (Secretariat of the 
Convention on Biological Diversity 2010). Due 
to anthropogenic activity, the function and re¬ 
silience of ecosystems will change (Chapin III 
et al 2000). 

Biodiversity is thought to increase ecosystem 
resilience, as stated in the diversity-stability 
hypothesis (Loreau et al 2003). The first step 
in understanding the importance of biodi¬ 
versity is recording what fauna is present and 
where, but for terrestrial invertebrates these 
data are often lacking (Yen 2011). The recent 
shift in scientific concern regarding insect spe¬ 
cies extinctions, from polar to more temperate 
regions, highlights the importance of exotic 
incursions threatening ecosystem biodiversity 
(Deutsch et al. 2008). Despite a history of cattle 
grazing, which has ceased for now in National 


Park areas of the Australian Alps (Williams et 
al. 2006), alpine ecosystems are relatively un¬ 
disturbed by human activity in comparison to 
lowland ecosystems (McDougall et al. 2005). 
These alpine ecosystems are home to a high 
number of endemic plant species (Costin et al. 
1982), but the alpine climate niche is not likely 
to exist beyond 2100 (Williams et al. 2007). In¬ 
creased human activity, such as summer tour¬ 
ism and expansion of ski resorts, will further 
accelerate invasive processes (Pickering 2011). 
We need to record what species are present, 
to investigate how invasive alien species affect 
biodiversity, and their interaction with climate 
change (Hoffmann and Sgro 2011) and land use 
intensification (Chapin III et al. 2000). 

Species presence data from Australian muse¬ 
ums are now readily available online through 
the Atlas of Living Australia (http://www.ala. 
org.au). Care is needed when using this re¬ 
source with regard to alien invasive species 
because these species are nearly always consid¬ 
ered pests and are not recorded despite being 
abundant. For example, in this study only two 
of the three invasive alien species had greater 
than the 50 records considered the absolute 
minimum for building models (Elith et al. 
2011). The usefulness of online database tools 
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to provide informative baseline data relies on 
the continued observation and recording of 
changes to species distributions. 

The Atlas of Living Australia website also pro¬ 
vides a means to build simple species distribu¬ 
tion models using Maxent, which can be used 
to estimate the relationship between a species 
and the environment across the known distri¬ 
bution. Maxent models are used widely to pro¬ 
vide insights into evolutionary and ecological 
processes (Elith and Leathwick 2009; Elith et 
al. 2011) and formulate testable hypotheses. 
Using species distribution models, research¬ 
ers can direct sampling efforts outside known 
distributions. For example, models of invasive 
alien species are often developed from their 
distributions in native environments and used 
to project likely distributions in non-native 
environments (e.g. Venette and Cohen 2006) 
and future environmental niches (Sutherst and 
Maywald 2005). However, the area (extent) be¬ 
ing modelled must be relevant to the physiolo¬ 
gy of the species of interest. Hence, distribution 
models are often limited to the point of intro¬ 
duction and the new environments alien popu¬ 
lations are likely to invade. Caution should be 
applied when modelling alien invasive popula¬ 
tions because these are often not in equilibrium 
with their environment. That is, after a period 
of time invading populations decline to a lower 
level than the initial invading population (Hart¬ 
ley et al 2010; Hill et al 2012). 

The aim is to record invasive alien inverte¬ 
brates observed in the Victorian Alps above 
1200 m asl since 2010. Simple guidelines on 
using Atlas of Living Australia tools to build 
species distribution models are presented, and 
could support further surveys. The term alpine’ 
as used throughout includes closed heathland, 
open heathland and grassland subalpine plant 
communities. This study will provide a record 
for future research. 

Methods 

To examine the threat invasive alien inverte¬ 
brate species pose to indigenous alpine inver¬ 
tebrate communities, three species were con¬ 
sidered further, based on recent observations: 
European Honey Bee Apis mellifera L. (Hy- 
menoptera: Apidae) (Collett et al 2007); Grey 
Field Slug Deroceras reticulatum Muller (Gas¬ 


tropoda: Agrolimacidae); and the European 
Wasp Vespula germanica (F.) (Hymenoptera: 
Vespidae). Specimens from above 1200 m asl 
were collected between 2010 and 2012, with 
voucher specimens retained at The University 
of Melbourne. The Geodetic (WGS84) location 
datum (latitude, longitude) was recorded us¬ 
ing a hand held GPS receiver (Magellan® Tri- 
ton400™, MiTAC International Corporation, 
Santa Clara, California USA). 

The species distribution models presented 
were developed from historical Australian data 
because the species under consideration are es¬ 
tablished. Maxent (Phillips et al 2006), as pro¬ 
vided on the Atlas of Living Australia (ALA) 
web site (http://www.ala.org.au/explore), was 
used to predict suitable habitat for European 
Honey Bee and Grey Field Slug. Historical 
distribution records used were obtained from 
the Atlas of Living Australia (http://www.ala. 
org.au/explore/species-maps/ 21 Mar 2012), 
Museum Victoria and Australian National In¬ 
sect Collection. Before modelling, data were 
checked for consistency, with duplicate records 
and unverified locations removed. Over-sam¬ 
pling in locations that are easily accessible often 
leads to sampling bias, which affects model per¬ 
formance. There is no tool currently available 
to check sampling bias on the ALA website. 
Where sampling of Grey Field Slug was more 
intensive, as from Penola in South Australia with 
130 records out of the total 457, the number of 
records was reduced. This sampling bias was 
taken into account by including a randomly 
selected subset (n = 20) of records from Penola 
in the model. Species misidentifications also re¬ 
duce the usefulness of distribution records. To 
be sure of correct identification, the slug point 
localities were limited to the period that coin¬ 
cided with taxonomic revision (Van Regteren 
Altena and Smith 1975). In cases where there 
are limited distribution data, such as for Euro¬ 
pean Honey Bee (n = 53), it was best to include 
all available data. In the case of European Wasp 
it was not possible to build distribution models 
because there was insufficient distribution data 
and a large sampling bias (N - 12 and large bias 
from Tasmania n = 11). 

Environmental variables that influence habi¬ 
tat suitability for the species being modelled 
were based on known physiology, therefore 
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the literature was used to determine the initial 
variables used in models. For example. Grey 
Field Slugs optimum temperature for weight 
gain is 17°C-19°C, minimum temperature for 
activity is 0-5°C (Godan 1983; South 1982), 
maximum temperature for activity is 25°C 
(South 1982), and optimum gravimetric soil 
moisture for egg laying is 25% to 100% (Wil¬ 
lis et al 2008). Being opportunistic breeders, 
moisture and annual temperature, rather than 
seasonal temperatures, have been established as 
the most important variables in predicting slug 
populations (Choi et al 2006). Climatic vari¬ 
ables are often highly correlated and predictors 
need to be as proximal as possible (Elith et al 
2011), so bioclimatic variables derived from the 
monthly temperature and rainfall values (BIO- 
CL1M) as provided on the ALA website were 
used. For Grey Field Slug the initial climatic 
variables chosen that were considered specific 
to this species were annual temperature, an¬ 
nual precipitation, precipitation-driest quarter, 
and annual moisture index. European Honey 
Bee populations need free water (Oldroyd et 
al 1994), which suggests precipitation in the 
driest quarter would correlate highly with their 
distribution. Land use and vegetation type were 
included as initial variables because of the as¬ 
sociation of invasive alien species with humans 
(Crosby 2004), and European Honey Bee being 
farmed on native vegetation, an important nec¬ 
tar source (New 1994). 

Species distribution model validation can 
involve complex statistical tests, such as cross- 
validation to obtain out-of-sample estimates of 
predictive performance and estimates of uncer¬ 
tainty around fitted functions (Elith et al 2011); 
however, these are not facilitated by the ALA 
online tool. Assessment of model performance 
was limited. Variable importance was estimated 
using a jackknife test, run where each variable is 
excluded in turn, and a model created with the 
remaining variables. A model was also created 
using each variable in isolation. Subsequent 
jackknife plots were generated to visualise how 
individual variables improve the model. The 
most informative variables were used to build 
the model quantified by calculating the Area 
Under the receiver operating Curve (AUC). To 
validate models, a random sample comprising 
25% of the data was used as test data and the 


standard error calculated for the AUC. Overall 
model performance was assessed by using a re¬ 
ceiver operating curve (ROC) for both the data 
used to build the model and data set aside to test 
the model. The aim was not to project species 
distributions onto novel environments but to 
determine the variables used (Elith et al 2011) 
in the final models (Fig. 1 and 2). The final set 
of informative variables used in the models was 
obtained by removing variables with low influ¬ 
ence on the model. New observations (Tables 1 
and 2) above 1200 m asl were used to validate 
models. 

Results 

The first recorded observation of the European 
Honey Bee above 1500 m asl in the Victorian 
Alps is from early 2010, 5 km from the Falls 
Creek resort. Observations in 2012 indicated 
that European Honey Bee range extends across 
the Bogong High Plains (up to 1825 m asl), 
including Mt Bogong, with one voucher col¬ 
lected from Quartz Ridge (1541 m asl), where 
high numbers were seen foraging on Stylid- 
ium sp. Sw. (Table 1). No previous records for 
the Victorian Alps were found from museum 
records searched (106) with the closest record 
(HYM35167) at Merrijig. In January 1972 Jones 
(1972) observed Honey Bee visiting Prasophyl- 
lum alpinum R.Br on Rocky Plain, near Wulgul- 
merang approximated at 1200 m asl, and in 
1984 lnouye and Pyke (1988) recorded three 
individuals within the Kosciuszko National 
Park above 1860 m asl. These observations 
were supported by the distribution model (Fig. 
1), which suggested that suitable habitat for the 
European Honey Bee has existed throughout 
the alpine and subalpine landscapes of the Aus¬ 
tralian Alps. The environmental variables used 
in the final model and their importance (in per 
cent) were: precipitation-driest quarter (Biol7), 
49%; temperature-annual mean (BioOl), 43%; 
present vegetation 8%; AUC 0.885; test AUC of 
0.901 (std. dev. 0.05). 

The highest recorded observation of Grey 
Field Slug in the Victorian Alps is now 1650 m 
asl, from Basalt Hill, Bogong High Plains (Ta¬ 
ble 2). A number of new observations are from 
higher elevations than previously recorded in 
Victoria. Museum Victoria records (640) indi¬ 
cate Grey Field Slug have been widespread for a 


Vol 130 (3)2013 


129 


Contributions 


Table 1. Observations (2010-2012) of European Honey Bee Apis mellifera L. above 1400 m asl. 


Date 

Lat 

Long 

m ASL 

Plant species 
observed visiting 

17 Feb 10 

-36.8652 

147.2792 

1595 

Trifolium repens 

17 Feb 10 

-36.8696 

147.2541 

1660 

Not recorded 

15 Dec 11 

-36.8648 

147.3326 

1725 

Not recorded 

13 Jan 12 

-36.8479 

147.3378 

1802 

Poa hiemata 

13 Jan 12 

-36.8463 

147.3365 

1825 

Trifolium repens 

18 Jan 12 

-36.7137 

147.2951 

1445 

Not recorded 

19 Jan 12 

-36.7563 

147.3267 

1775 

Trifolium repens 

19 Jan 12 

-36.7629 

147.2912 

1541 

Stylidium sp. 



Fig. 1. A representation of the distribution model for the European Honey Bee Apis mellifera L. from museum 
records (brown dots). Warmer colours (orange) show areas with more suitable habitat conditions; yellow is 
least suitable. 


considerable time at lower elevations. The high¬ 
est elevations previously recorded include 1250 
m asl at Mt Donna Buang (F174393) in 1971 
and seven records from 700 m asl at Bogong 
Village (FI74318, FI74443, F 174474, FI74535, 
F174587, F174619, F 177195). The recent record 
(2 Mar 2011) at 1591 m asl from Kosciuszko 
National Park (Table 2) is also at a higher eleva¬ 
tion than those recorded from 1975 along the 
snow road from Jindabyne to Charlotte Pass, 
(FI74659, FI74665, FI74667) at 1470 m asl, 
1529 m asl, and 1555 m asl. 

The most suitable habitat for Grey Field Slug 
was projected to be temperate areas with high 


moisture availability at lower elevation (Fig. 
2). Sample bias may have influenced the model 
presented (Fig. 2), despite adjusting for the 
high concentration of records from a south¬ 
east South Australia survey. The environmen¬ 
tal variables used in the final model and their 
importance (in per cent) were: temperature- 
annual mean (BioOl), 94%; precipitation-driest 
quarter (Bio 17), 4%; annual moisture index 
(Bio28), 2%; AUC 0.973; test AUC 0.975 (std. 
dev. 0.003). 

The first recorded observations of European 
Wasp above 1500 m asl in the Victorian Alps 
are from along the side of Road 23 (36.8684S 
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Table 2. Observations (2011-12) of Grey Field Slug Deroceras reticulatum Muller above 1200 m asl. 


Date 

Lat 

Long 

m asl 

Recorded from 

16 Feb 11 

-36.8855 

147.3158 

1647 

Poa hiemata grassland 

i Mar 11 

-35.8895 

148.5196 

1417 

Poa spp. and Austodanthonia spp. 

1 Mar 11 

-36.1598 

148.6871 

1204 

Themeda sp. grassland 

1 Mar 11 

-35.8745 

148.6241 

1340 

Themeda sp. and Poa spp. grassland 

2 Mar 11 

-36.3808 

148.4578 

1591 

Agrotis sp. roadside 

1 Mar 11 

-36.1238 

148.6477 

1247 

Themeda sp. roadside 

21 Mar 11 

-36.8709 

147.3072 

1630 

Agrotis sp. 

7 Apr 11 

-37.7070 

145.6816 

1250 

Holcus lanatus 

18 Jan 12 

-36.8866 

147.3181 

1638 

Tiles 

15 Feb 12 

-36.9944 

147.1644 

1650 

Tiles 



Habitat suitability 


Fig. 2. A representation of the distribution model for the Grey Field Slug Deroceras reticulatum Muller from 
museum records (brown dots). Blue and warmer colours show areas with more suitable habitat conditions; 
yellow is least suitable. 


147.24IE, 1545 m asl) 17 Feb 2010 and Ropers 
Hut (36.8121S 147.331 IE, 1725 m asl) 1 Mar 
2010. A search of Museum Victoria records and 
ALA found only one record for Victoria, from 
Melbourne (37.8 S 144.98E), and 11 records for 
Tasmania, none of which were above 1000 m 

ASL. 

Single records for other alien invasive spe¬ 
cies encountered in the past three years were 
Hedgehog Slug Avion intermedius (Normand) 
(Arionidae) at Smiggin Holes, N.S.W (36.3876S 


148.4270E, 1735 m asl) 3 Mar 2010 on Poa 
spp., Striped Field Slug Lehmannia nyctelia 
Bourguignat (Limacidae) from NSW (35.8003S 
148.676IE, 1213 m asl) on Kangaroo Grass 
Themeda triandra (R.Br.) Stapf grassland 1 Mar 
2011 and an European Earwig Forficula auricu- 
laria L. (Dermaptera: Forficulidae) at Basalt 
Hill (36.8855S 147.3158E, 1647 m asl) 16 Feb 
2010 from Soft Snowgrass Poa hiemata Vickery 
grassland. 
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Discussion 

Observations since 2010 support the hypoth¬ 
esis that suitable niches above 1500 m asl in 
the Victorian Alps are now occupied by Euro¬ 
pean Honey Bee, Grey Field Slug and European 
Wasp. These new records add to the list of ex¬ 
otic invertebrate species already established in 
the Australian Alps: Cabbage White Butterfly 
Pieris rapae L. (Lepidoptera: Pieridae) and Ru- 
therglen Bug Nysius vinitor Bergroth (Hemi- 
ptera: Lygaeidae) (Green and Osborne 2012). 
More alien species records are expected from 
alpine areas, because widespread pests found at 
lower elevation could have been overlooked for 
several reasons. Such reasons include: common 
species not being collected because they are 
common (e.g. European Wasp), no monitoring 
of invasive aliens outside the agricultural eco¬ 
systems where they are considered pests (e.g. 
Rutherglen Bug), expanding ranges due to ad¬ 
aptation to new environments, changing biotic 
interactions, or shifting environmental niches 
due to climate change. Given that at least two 
of the alien species (European Honey Bee and 
Grey Field Slug) have only recently been re¬ 
corded in the Victorian Alps and simple species 
distribution models suggest that the Victorian 
Alps provide suitable habitat, the potential eco¬ 
logical consequences of these two species are 
discussed in detail, followed by a more general 
discussion of other threats. 

Alien Pollinators: European Honey Bee 
The observations of European Honey Bee from 
2011-12 across subalpine and alpine habitats 
are a concern, given only native bees (Halacti- 
dae and Colletidae) were observed visiting na¬ 
tive flowers during previous studies in the Vic¬ 
torian Alps (Nash, unpublished data 2008-09). 
Pimelea lingustrina Labill. flowering at Ko- 
sciuszko National Park was occasionally visited 
by European Honey Bee (< 1% of observations) 
(Inouye and Pyke 1988). That European Honey 
Bee have not dispersed sooner throughout the 
Australian Alps and exploited alpine and sub¬ 
alpine floral resources is surprising. European 
Honey Bee have expanded from their native 
homes in Europe, Asia and Africa, establish¬ 
ing across most of the world. European Honey 
Bee are perhaps Australia’s most widespread 
invasive alien invertebrate, found in nearly all 


terrestrial habitats (Low 1999). Because of Eu¬ 
ropean Honey Bees economic importance, hu¬ 
mans actively aid their extensive spread, with 
commercial hives introduced to Australia in 
1822 (New 1994). The human-aided dispersion 
is supported by the model presented, which 
projected high habitat suitability in urban and 
rural residential areas. Habitat suitability is also 
dependent on the availability of free water (01- 
droyd et al 1994), with the model presented 
supporting this as precipitation in the driest 
quarter was a highly informative variable. The 
observations in the Victorian Alps correspond 
with wet summer conditions in 2011-12. Bu¬ 
reau of Meteorology data at Falls Creek for both 
years is in the 90th percentile for rainfall. Dis¬ 
tribution modelling using historical data does 
not support occurrence being due to wet sea¬ 
sonal conditions. 

Despite European Honey Bee being active 
invaders (New 1994), their impacts are de¬ 
bated (Collett et al. 2007), and we do not know 
what ecological effects they are having. Spessas 
(2000) views are clear: European Honey Bee 
populations should be eradicated from con¬ 
servation areas with high endemism. Such a 
concern stems from studies into competition 
by European Honey Bee for floral resources 
(Manning 1997), and a decline in native nec¬ 
tar feeders (Paton 1993), although some studies 
suggest limited resource competition (Schwarz 
and Hurts 1997). Other possible competitive 
interactions include displacement of birds (Ol- 
droyd et al 1994) and mammals that use tree 
hollows for breeding (Oldroyd et al. 1997). If 
and how these invasive alien colonies interact 
with numerous, and often solitary, native bee 
species is not well understood. The invasive al¬ 
iens could even act as a vector for novel viruses 
to native bee populations (New 1994). 

The biggest unknown ecological impact of 
European Honey Bee is pollination of native 
plants, which could change in several different 
ways. European Honey Bee may increase the 
transfer of pollen between flowers, leading to 
greater seed production (Paton 1997); displace 
existing pollinators, potentially reducing seed 
production (Celebrezze and Paton 2004); alter 
the behaviour of indigenous plants, resulting 
in unknown seed production response; or re¬ 
move pollen, thereby reducing seed production 
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(Paton 1993). These and other unspecified and 
unknown effects are likely to occur in combi¬ 
nation (Collett et al 2007). Before any conclu¬ 
sions can be made about negative or postive ef¬ 
fects, further research is required (Paini 2004). 
The genetic consequences of reduced pollen 
transfer and seed production include inbreed¬ 
ing depression, which reduces a species ability 
to adapt (Sgro et al 2010). For example, in Gul¬ 
ly Grevillea Grevillea barklyana (F. Muell. ex. 
Benth.) flowers that were out-crossed produced 
significantly more seed. Low out-crossing rates 
within some populations reflected the presence 
of introduced pollinators (Ayre et al 1994). 
However, by increasing the transfer of pollen, 
European Honey Bee may improve gene flow 
among isolated plant populations, thus increas¬ 
ing their ability to adapt to perturbations, such 
as climate change (Hoffmann and Sgro 2011; 
Sgro et al. 2010). Currently, whether these proc¬ 
esses already occur or are likely to occur, and in 
what combination(s), remains unknown. This 
is worrying because the European Honey Bee is 
already present in the Australian Alps and the 
distribution models presented here show that 
much of the alpine and subalpine landscape 
provides suitable habitat. 

Invasive Alien Herbivores: Grey Field Slug 
Aided by human destruction of lowland native 
vegetation, exotic slugs have become estab¬ 
lished throughout temperate Australia (Smith 
and Kershaw 1979), ensuring grasslands will 
remain altered (Holland et al. 2007). There is 
a small number of native Slug (Eupulmonata) 
species in Australian ecosystems, with only 
three endemic families: Athoracophoridae, 
Cystopeltidae and Rathouisiidae. None of these 
are found in alpine heathlands or grassland 
plant communities (Daniell 1994). The first 
record of exotic slugs in Australia was from 
1824 with the six families noted: Agrolimaci- 
dae, Arionidae, Limacidae, Milacidae, Testacel- 
lidae and Veronicellidae. The Grey Field Slug, 
along with other invasive alien species, is well 
established in remnant grasslands across west¬ 
ern Victoria (Holland et al. 2007; Nash et al. 
2007). A central issue of grassland ecology is 
the role herbivores play in the abundance of 
plants species (Crawley 1997). Slugs can change 
plant community composition (Frank 2003; 


Hulme 1996) due to selective feeding (Edwards 
and Crawley 1999) and differing plant toler¬ 
ance (Frank and Bailey 1999). The invasion of 
grasslands by exotic slugs is thought to reduce 
native forb recruitment by selective herbivory 
(Holland et al. 2007) and the lack of plant de¬ 
fences makes native species more susceptible to 
slug feeding (Daniell 1994). Australian alpine 
plants are not adapted to slug grazing, which 
will reduce seedling recruitment. 

Invasive Alien Predators: European Wasp 
European Wasp have some invasive potential 
in the Australian Alps National Parks (Coyne 
2001), and have been observed in NSW Alps 
(Green pers. comm.). The European Wasp was 
first recorded from Sydney in 1954, the first 
nest was recorded from Tasmania in 1959 and 
the first nest from Melbourne was recorded in 
1977 (Collett et al. 2007). The spread and estab¬ 
lishment of nests was quite rapid, even though 
estimates of dispersal are low (730-815 m per 
season) (Crosland 1991), suggesting some 
dispersal is mediated by humans (New 1994). 
European Wasp are thought to prey on native 
invertebrate species, such as butterflies, but this 
is only anecdotal (Yen 2011). Unknown preda¬ 
tory effects of an invasive species on unknown 
alpine invertebrate species highlight the knowl¬ 
edge chasm confronting invertebrate conserva¬ 
tion efforts. 

Other Invasive Alien Invertebrates 
Other invertebrates not yet recorded from the 
Australian Alps have become established in 
temperate grasslands, where they compete with 
indigenous invertebrates. These species include: 
Julidan Millipedes (Diplopoda: Julidae) includ¬ 
ing the Portuguese Millipede Ommatoiulus 
moreletii (Lucas); Snails; and Tramp Ant (Col¬ 
lett et al. 2007). 

Portuguese Millipede arrived in Australia 50 
years ago, with Julidan populations continuing 
to expand their range. Portuguese Millipede are 
now an established invasive alien species, and 
they have likely altered the turnover of detritus 
by displacing native millipedes (Baker 1985). 
Other invasive alien Julidans that could pose 
a threat are Snake Millipede Ophyiulus pilosus 
(Newport), which have recently been recorded 
from Melbourne (2010) (Norton 2012). Exotic 
Julidans are well established in many parts of 
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the Tasmanian bush (Mesibov 2000), and may 
threaten native flora as they are herbivorous 
(Paoletti et al 2007). Of approximately 2000 
species of native millipedes, most are thought 
to be important detritivores in the Australian 
landscape (Black 1997), including alpine eco¬ 
systems. Given what is occurring in lowland 
ecosystems, it is expected that Julidan Milli¬ 
pedes have the potential to displace native al¬ 
pine Polydesmids (Diplopoda: Polydesmida), 
altering the composition and turnover of dead 
plant material in grassland communities. 

Despite ants (Formicidae: Hymenoptera) 
not being recorded from other alpine regions 
of the world (Green and Osborne 2012), their 
presence in Australian alpine ecosystems leads 
me to include an assessment of their invasive 
potential. The most abundant Ant species in 
the Australian Alps is Meat Ant Iridomyrmex 
spp. (Green 2002; Nash et al 2013), which is 
a strongly competitive genus within the domi¬ 
nant Dolichoderinae functional group (Hoff¬ 
mann and Andersen 2003). An example of 
Meat Ant dominance is their interaction with 
the invasive alien Argentine Ant Linepithema 
humile (Mayr). Since being recorded from 
Balwyn (Melbourne) in 1939, Argentine Ant 
have spread widely (Collett et al 2007). In Aus¬ 
tralia mixed reports exist as to the extent of 
the change Argentine Ant cause to native ant 
communities (Clarke et al. 2008), but there is 
evidence of major negative responses in Aus¬ 
tralia (Heterick et al 2000; Rowles and O’Dowd 
2007; Walters 2006). For example, Rhytidopon- 
era victoriae (Ponerinae) was displaced in peri¬ 
urban environments by Argentine Ant (Rowles 
and O’Dowd 2009). Argentine Ant have been 
recorded from Melbourne and surrounding ar¬ 
eas in recent studies (Chong et al 2011, Norton 
2012), but low abundances exist because na¬ 
tive Ant communities including Meat Ant are 
thought to outcompete them, except at one site 
where a super colony was known to have es¬ 
tablished (Norton 2012). Furthermore, in New 
Zealand, Argentine Ant populations have been 
shown to be in decline (Cooling et al 2011). 
Given the dominance in numbers of the Meat 
Ant Iridomyrmex mjobergi Forel in the Victo¬ 
rian Alps (Nash et al 2013) I concluded the 
threat of invasive alien ants to alpine ecosys¬ 


tems is low compared to that of other invasive 
species. 

The invasion of herbivores (slugs), predators 
(wasps) and pollinators (bees) into alpine eco¬ 
systems should not be ignored, if these unique 
environments are going to be conserved. Inva¬ 
sive alien plant species that have moved up into 
subalpine and alpine ecosystems (McDougall 
et al 2005) are receiving some attention from 
management. Management should not consider 
exotic invasions in terms of individual species, 
but more as a community process comprising 
populations that adapt synergistically to new 
environments, aided by human disturbance 
(Crosby 2004). Lowland grassland ecosystems 
are irreparably changed, with only small rem¬ 
nants that are so fragmented they may not be 
conserved because they are unable to adapt or 
compete with established exotic communities 
(Hodgson et al 2005). In the Australian Alps 
native populations have been able to outcom¬ 
pete alien exotic communities, but for how long 
can these isolated alpine ecosystems continue 
to do so? Continued vigilance is needed to track 
invasive communities that threaten the conser¬ 
vation of endangered indigenous species. 

New records from the Victorian Alps expand 
the known distributions of a number of sup¬ 
posedly common invasive alien invertebrates. 
By adding to historical records, naturalists can 
help address the severe lack of distributional 
information. Only then can species distribu¬ 
tions models reliably inform management of 
ecological processes that threaten unique Aus¬ 
tralian ecosystems. 
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